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Introduction

Climate change on Earth and its possible
causes have become major “hot topics” of
scientific research over the past few
decades. Recently, climate researchers have
come to realize that in order to better
understand changes in our global climate,
we must improve our understanding the day-
to-day weather variations. Many important
things could be learned from analyzing our
past climate over a period of at least 100
years. Unfortunately, there is not a lot of
accurate global climate data beyond the past
60 years. So what’s a researcher to do?

One solution is to compile the scant
observations that are available and combine
them using physical relationships to produce
a more extensive and improved dataset. By
analyzing these data, it might be possible to
figure out the patterns in the atmosphere that
created past weather conditions. Although
this idea initially had skeptics, researchers
Gilbert Compo, Jeffrey Whitaker, and
Prashant Sardeshmukh of the Earth System
Research Laboratory and CIRES set out to
prove that it might work. Why? With the
availability of more accurate data, better
computer simulations of past climate and
weather can be made. This information
could be used to study how and why our
climate has changed. Or it could be used to
examine ‘“‘climate catastrophes,” such as the
Dust Bowl] of the 1930s, figure out why they
happened, and determine whether they are

likely to happen more frequently as the
climate changes.

The idea of studying the past weather from
the historical observations seems like a
logical approach, so why hasn’t it been done
before? First of all, the needed technology
didn’t exist. Luckily, our modern weather
prediction tools have advanced enough to
make this a possibility. Second, we did not
have the daily observational data in a digital
format.

The Quest for Data

There exists an enormous amount of weather
observations describing the atmospheric
circulation for the past 100 years collected
by a variety of sources; from meteorologists
and military personnel to volunteer
observers and ships’ crews. Until recently,
however, this data was only available in
paper manuscripts. Researchers had to rely
on hand-drawn weather maps to study the
past weather. Although these maps contain
many errors, the value of this information
was recognized and during the 1970s
extensive efforts put these maps into a
digital format. In recent years, organizations
such as NOAA’s National Climatic Data
Center Climate Database Modernization
Programs

(http://www.ncdc.noaa.gov/oa/climate/cdmp
/cdmp.html) and the National Center for




NOAA/ESRL/PSD - Research Spotlight Article

http://www.cdc.noaa.gov/spotlight

Atmospheric Research
(http://www.ncar.ucar.edu) have formed
partnerships with private industry and
scientific organizations around the world to
digitize the original manuscript weather
observations, and make them available on
the Web. Millions of images are available,
but believe it or not, there is still a long way
to go.

Since the weather we experience occurs in
the troposphere — the area of the atmosphere
from the Earth’s surface to about 11 km (6.8
miles) up in the air— Compo, Whitaker, and
Sardeshmukh decided to focus on surface air
pressure and sea level pressure observations
over the past 100 years. By studying recent
pressure data, as shown in their article in the
February issue of the Bulletin of the
American Meteorological Society, it is
possible to get a snapshot of the other
variables, such as the winds and
temperatures, throughout the troposphere.
“This was a bit unexpected,” Compo says,
“but it means that we can use the surface
pressure measurement to get a very good
picture of the weather back to the 19"
century. Climate change may alter a
region’s weather and its dominant weather
patterns. We need to know if we can
understand and simulate the variations in
weather and weather patterns over the past
100 years to have confidence in our
projections of changes in the future.” What
Compo, Whitaker, and Sardeshmukh, have
shown is that the international community
has digitized enough pressure data over the
Northern and Southern Hemispheres that
they can recreate the weather maps over the
past 100 years.

Filtering Out Errors

Raw observations in hand, the next step is to
combine the historical observations based on
physical principles while taking into account
that the data have errors and discrepancies,

only some of which can be corrected.
Correctable errors in observed weather data
can come from a variety of sources, such as
recording the wrong elevation where the
observations were taken, or errors in
transcription, such as an observation of 1001
millibars of atmospheric pressure being
recorded as 1010. Other discrepancies
include the difference two barometers might
have when separated by several kilometers.

Figure 1. (Right) Weather map of upper-troposphere
made using only 308 surface pressure observations (blue
dots). Shows a close match to the map made using all
available observations (left).

The researchers apply a numerical weather
prediction model and a Kalman filter to the
data to combine the imperfect pressure
observations in a process called data
assimilation. The filter step, named after
Rudolph E. Kalman
(http://en.wikipedia.org/wiki/Rudolf E. Kal
man), provides a mathematical way to create
the weather map for a particular time by
blending all of the observations with a
numerical weather model. This blending
takes into account the meteorological
situation and the error in the observations.
In the case of creating the weather maps for
a 100 years ago, very few observations are
available and those observations are only at
the Earth’s surface, but the data assimilation
procedure creates a complete map for the
entire troposphere. “What we have shown is
that the map for the entire troposphere is
very good even though we have only used
the surface pressure observations, “ says
Compo. The filter can change continuously
based on the location on the globe, the
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number of observations, or the meteorology.
The filtering procedure currently takes one
day to process one month worth of global
data. The resulting weather maps are then
given to the numerical weather prediction
model to make a forecast of the past
weather. The quality of these forecasts of the
past will help us know if our weather maps
are of a sufficient quality to be used for
scientific study.

An Interesting Data Subset — The

Admiral Bird Expedition

During the summer of
2006, PSD provided
internship opportunities
to several NOAA
Hollings scholarship

- (http://www.orau.gov/noa

2 a/HollingsScholarship/)
Two NOAA Hollings ~ Tecipients. Two of these
Scholarship summer college—age students
students look over a .
historical weather worked with Comp 0
map book. focusing on a subset of
historical data from the
Antarctic. In 1928 Admiral Richard E. Byrd
(http://www.south-pole.com/p0000107.htm)
a great explorer, scientist and aviation
pioneer, set out on an expedition of
Antarctica. Byrd and his crew took hourly
surface measurements throughout 1929 at
their base in Antarctica; “Little America.”
This is an important set of Hemisphere
during this time is very sparse. The only
weather observations recorded near this area
were taken from passing ships, and even
then only taken every 6 hours. The students
digitized the hourly
measurements using
optical character
recognition. The
data were then
reviewed. The L
students blended the Admiral Byrd and crew in
Byrd observations Antarctica.

with any other available observations using
the Kalman filter; the results are yet to be
examined.

During their study of Byrd’s adventures, the
students discovered that some of the
revamped data may help explain the
atmospheric conditions that caused
difficulties in some of Byrd’s explorations.
This additional data will also add to the
completeness of the global data set.

Conclusions

Proving the skeptics wrong, the new and
advanced data assimilation method studied
by Compo, Whitaker, and Sardeshmukh has
demonstrated that the idea of compiling old
weather data and blending them is a feasible
technique worthy of future investment.
After creating the weather maps of the past
100 years, the researchers hope that better
computer models can be developed based on
this new historical data. The challenge will
then be to understand why the weather of the
past varied and whether we can predict how
it may change in the 21* Century.
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